A new criterion sensor narrowband equivalent efficiency (SNEE) is presented for array beamforming techniques. SNEE directly shows the performance when a band signal is processed with a narrowband model, and so it can be used to judge whether a band signal should be seen as narrowband.
Introduction: When discussing adaptive array beamforming techniques, narrowband signal beamforming is different from wideband signal beamforming. Clearly, there is a problem: how narrow is narrowband and how wide is wideband? [1] provides a definition for the notion of narrowband and derives an expression which is useful in determining whether a particular scenario qualifies as narrowband. The expression [1] derived correctly predicts where the narrowband assumption fails for some super resolution algorithms. The disadvantage of the definition in [1] is that it cannot directly show the performance of the array beamforming. In this Letter, we propose a criterion named sensor narrowband equivalent efficiency (SNEE). This definition is derived from array output SNR, and it can directly show the performance of a beamforming algorithm when a band signal is seen as narrowband.
Data model: Consider a uniform linear array (ULA) of M sensors with an inter-element spacing d, (the results in this Letter are easily extended to arbitrary array geometry). We assume that only one signal inspects on the array in the direction y. 
The array vector of received signals is
where n is the additive noise and s( f ) is the power of the base signal at frequency f. Generally speaking, s( f ) is a constant function to make good use of frequency, and then we get
The data correlation matrix is
According to a minimum variance distortionless response (MVDR) beamformer [2] , the optimal weight vector is the solution to the following constrained minimisation problem:
where o denotes the weight vector and a 1 (y) is the constraint vector. 
The array vector (3) can be rewritten as
Then we get the array correlation matrix
in which s 1 2 is the power of the signal, s n 2 is the power of the noise, and the sensor noise is uncorrelated with each other and signal. Because the constraint vector exactly matches the steering vector, we achieve the best beamforming performance in this case.
According to the MVDR beamformer we can easily obtain array output SNR
However, the general signal has a certain band. In this case, the constraint vector is the same as (6), but the steering vector is a function of frequency. The constraint vector mismatches the steering vector in such condition. Clearly, the output SNR for nonzero-band signal SNR 2 is smaller than SNR 1 , and while the bandwidth of the signal is increasing, SNR 2 will become worse, i.e. for a same array, the beamforming efficiency will degrade for wideband signal. To directly show the impact of the bandwidth of the signal, we define sensor narrowband equivalent efficiency (SNEE) as
Now we calculate SNR 2 to derive the mathematical form of SNEE. Comparing (7) with (3), we define the extended steering vector b(y) as
With extended steering vector b(y), the data correlation matrix (4) can be rewritten as
Again according to the MVDR beamformer, we get output SNR for the nonzero-band case
where g is the square of the correlated coefficient of the constraint vector a 1 and extended steering vector b
with (9) and (13), we get SNEE
Analysis: At first glance, we cannot obtain any correlation between SNEE and the bandwidth of the signal. In fact g depends on FBW (base signal bandwidth=carrier frequency), and of course SNEE also depends on signal bandwidth. Fig. 2 shows some SNEE curves. Again, while signal bandwidth is increasing, SNEE drops dramatically.
SNEE is also correlated with some other factors, such as input SNR, DOA. From Figs. 1 and 2 , we can see that g and SNEE drops when the sensor number is increasing. There are relationships among the bandwidth of the signal, input SNR s 1 2 =s n 2 and sensor number M. From (15), while input SNR is increasing, the impact of the bandwidth of signal is decreasing. This is reasonable. Since g is a function of FBW and sensor number, the impact of the bandwidth of signal and the impact of sensor number for SNEE is dependent.
With SNEE, we can easily decide whether a signal is suitable to be processed with a narrowband model. If the SNEE is smaller than a given threshold, the signal should be processed with a wideband model, e.g. when the FBW is larger than 0.08, the SNEE is less than 0.8 in Fig. 2 . The beamforming efficiency is too low for 0.8, and the signal should be processed with a wideband model. 
Conclusion

